Specimens of Toxorhynchites (Toxorhynchites) tyagii, sp. n., were collected from the fringe areas of Gudaloor town, Ooty in the Nilgiri hills at an altitude of 1000 m above sea level in Western Ghats ranges in southern India during October 2011and from Darjeeling ranges in the northern hilly region of Raymatang TG in Jalpaiguri district, West Bengal, in eastern India during February 2012. The adults, pupa and fourth-instar larva of this species are described and illustrated to distinguish it from Toxorhynchites (Tox.) splendens and Toxorhynchites (Tox.) edwardsi, which are the closest allies of Tx. (Tox.) tyagii. Besides possessing remarkable distinguishing male genital characteristics, Tx. tyagii differs from Tx. splendens also by the presence of conspicuous yellow scale-patches over the wing root that extend to the scutellum, and differs from Tx. edwardsi by having midtarsomeres 3-5 all dark whereas in Tx. edwardsi tarsomeres 3 and 4 and a larger part of 5 are white.
Introduction
The genus Toxorhynchites Theobald is one of the least studied mosquito genera in India largely owing to the fact that species of Toxorhynchites are sap-sucking mosquitoes which are completely innocuous and cause no harm to humans (Christophers, 1933; Barraud, 1934; Rao, 1984; Tyagi, 2004; Nagpal & Sharma 1995) . Eighty-eight species of Toxorhynchites have so far been recorded globally (Harbach, 2012) , of which only eight species, viz., Tx. albipes Edwards, Tx. edwardsi Barraud, Tx. gravelyi Edwards, Tx. kempi Edwards, Tx. minimus Theobald, Tx. splendens (Wiedemann), Tx. klossi (Edwards) and Tx. metallicus Leicester are recorded from India. Among these three species, Tx. kempi, Tx. minimus and Tx. splendens are confined to southern peninsular India. Since Tx. edwardsi was described from India in 1924, no further additions were made to the genus despite numerous surveys made during the past 90 years. In this description, we record a new species, Tx. tyagii, which was collected repeatedly from tin containers, an unusual breeding habitat of Toxorhynchites species, from Kamaraj Nagar, Gudaloor Taluk, in the Nilgiri hill ranges of the Western Ghats and one specimen collected from West Bengal in eastern India. Although, the new species appears to be close to Tx. splendens and Tx. edwardsi, it differs from both species in several morphological characters, as well as mtDNA sequence. In this manuscript, we describe the new species with emphasis on the male genitalia and mtDNA sequence to distinguish it from Tx. splendens and Tx. edwardsi.
Material and methods
Larval specimens were collected from the outskirts of Gudaloor town, about 50 km from Ooty, Nilgiri mountain ranges in the Western Ghats, southern India. These specimens were collected from a tin container, having a capacity of 20 l, at an altitude of 1000m. Specimens were individually reared to the adult stage for species identification using keys by Barraud (1934) . Associated larval and pupal exuviae were also examined for chaetotaxy.
Three legs from one side of one paratype specimen were used for molecular analysis. The legs were homogenized and whole genomic DNA was extracted as described by Dhananjeyan et al.(2010) . The genomic DNA isolated from the legs was used to amplify the mitochondrial Cytochrome Oxidase C subunit 1 (CO1) gene following Simon et al. (1994) . The amplified PCR product was visualized on a 1.2 % agarose gel using a gel documentation system (VilberLourmet, France). The product was sequenced commercially.
The nomenclature and chaetotaxy used in the description are from Harbach & Knight (1980 , 1982 and Bickley & Ward (1989) .
Description
Female. Wing: 7.5 mm, proboscis 7.7 mm, forefemur 5.2 mm, abdomen 5.3 mm. Head (Fig. 1) :Integument blackish, scaling of vertex reddish green and without narrow indistinct pale orbital line; proboscis bluish; maxillary palpus bluish purple, scattered pale scales on dorsum, about 0.3 mm, comprised of 4 palpomeres, 2 of which are long; antennal pedicel with a large conspicuous dense patch of silvery scales, scales of flagellomeres 1-6 dense and translucent. Thorax ( Fig. 1 ): Integument very dark brown or blackish, mesonotum densely covered with rather dull bronzy scales with bluish-green tinge, scales slightly narrower on disc than on sides, with yellow scales patches over wing root to scutellum; antepronotum with bluish scales, postpronotum with silvery scales, pleural and coxal scales silvery; 1strong lower mesepimeral seta (not shown in Fig. 1 ) and usual row of caudal mesepimeral setae. Abdomen ( Fig. 2 ):Terga largely bluish or greenish, tergum I dark in center, yellowish laterally, laterotergite with broad silvery scales, terga II, III and V with lateral yellowish patches visible from above, tergum IV without lateral yellow line, tergum VI with incomplete sublateral diagonal line of yellow hair-tufts, white lateral hair-tufts on tergum IV and part of VI, 0.75 of tergum VI with black lateral hair-tufts, tergum VII completely black, tergum VIII pale yellow or orange; sterna I, II, III and IV mainly black-scaled, 0.75 of sternum V black-scaled, remainder with white scales, sternum VI with more white scales and fewer median black scales, sterna VII and VIII completely black-scaled. Legs ( Fig. 3 ): All tibiae dark, fore femur with wide basal pale ring, mid femur black with pale areas, hind femur black; fore tarsomere 1 mainly pale, narrowly dark at base, fore tarsomere 2 dark basally and pale distally, mid tarsomere 1 with broad post basal pale band, mid tarsomere 2 entirely pale, hind tarsomere 1with broad median pale band, hind tarsomere 2 with broad post basal pale band, tarsomeres 3-5 of all legs dark.
Toxorhynchies tyagii differs from Tx. splendens in having conspicuous yellow scale-patches over the wing root that extend to the scutellum, and differs from Tx. edwardsi in having mid tarsomere 3-5 all dark.
Male. Generally similar to female. Head: Integument blackish; maxillary palpus slightly longer than proboscis; antenna verticillate, flagellomere 1 with few white scales and numerous black scales. Legs: Fore tarsus completely dark, all tibia dark; midtarsomere 1 with basal pale band, midtarsomere 2 partly white-scaled; hind tarsomere 1 with white scales, other hindtarsomeres black. Genitalia (Fig. 4) : Gonocoxite 0.73 mm, gonostylus 0.69 mm, gonostylar claw 0.07 mm, tergum IX truncate apically, about 14 setae arranged in 2 lateral rows; gonocoxite with numerous microsetae from apex to base, with 1 seta longer near base; basal mesal lobe with 2 strong apical setae, length 0.35 mm and 0.20 mm respectively, other setae simple, half length of longest.
Toxorhynchites tyagii differs from Tx. splendens in having two stout spines on the apex of the basal mesal lobe. Toxorhynchites splendens has only one apical spine.
Pupa (Fig. 5) . Abdomen 6.7 mm, trumpet 1.3 mm, paddle 1.88 mm, chaetotaxy in Table 1 . Cephalothorax: Moderately pigmented setae largely concolorous with integument, most setae short to moderately long, seta 1-C very long, darker and barbed; distinguished from Tx. splendens in having seta 12-CT usually with 2 branches (1-3) and seta 10-CT with 7-13 branches (4 and 5 branches, respectively, in Tx. splendens). Trumpet: Dark orangebrown, heavily pigmented, almost twice as long as wide at apex. Abdomen: Bright brown, moderately pigmented, large setae darker than integument; seta 6-I-VI (relative lengths) long extending beyond posterior margin of each succeeding segment; paddle pigmented, more or less rounded, very wide, width about 0.85 of length, midrib complete, distal 0.75 of outer and inner margins with long fine hair-like spicules; setae 1,2-Pa absent.
The pupa of Tx. tyagii is distinguished from other species by the combination of the following characters: seta 10-CT dendritic, with 7-13(11) branches; seta 11-CT usually single (1,2); seta 12-CT usually double (1-3); setae 0,2,5,9-11, 14-VII single on most segments, 3,4-VII usually double, short to medium in length, 5-VII very long and barbed, 6-VII with 8-10 branches, 7-VII triple, 8-VII single, 9-VII long and barbed with 4 branches. Larva (Fig.6 ). Chaetotaxy in Table 2 . Head 1.6 mm, siphon 1.14 mm, saddle 1.0 mm. Antenna: Concolorous with head capsules. Thorax: Setae, tubercles and plates strongly pigmented; seta7-P,T double, barbed, stiff; seta10-P,M,T thin, barbed; seta13-M with 5-7(5) branches, barbed. Abdomen: Setae 10,12,13-I on single plate, seta 11-I on separate plate; seta2-I-VI usually not on common tubercle with setae1,3-5; seta 3-I slightly longer than setae 1-I and 4-I; seta-I double, barbed; seta 3-II,III double, barbed, 3-IV double or triple, usually double, 3-V single; seta7-II-IV and usually 7-I double, 7-I sometime triple; setae 6,7,II,III double; setae 1,3-VII strongly barbed; seta1-VIII distinctly separate from large plate and without large tubercle; seta 2-VIII dendritic; seta 3-VIII triple; setae 4,5-VIII single, barbed. Siphon: Index about 2.1; seta 1-S5-branched. Segment X: Uniformly darkly pigmented; saddle with long spicules on caudolateral margins; ventral brush (seta 4-X) with 8 pairs of setae. The larva of Tx. tyagii is easily separated from the larva of Tx. splendens in having seta 1-VIII single and seta 2-VIII dendritic (4-branched)-these setae are double and single, respectively, in Tx. splendens. Toxorhynchites splendens also differs as follows: seta 1-S usually 7-branched; caudal marginal spicules of segment X irregularly short and long; ventral brush with 9 pairs of setae.
Molecular characterization. The mitochondrial Cytochrome Oxidase C subunit 1 (mtCO1) gene sequence of Toxorhynchites tyagii (JX436102) was compared with that of Tx. splendens from Thailand (HQ398877) and Mananthawadi, Kerala, India (EU259307) and Tx. rutilus (Coquillett) from North America (GU908124). A total of 394 nucleotides spanning the three species were included in the analysis. The multiple sequence analysis performed with CLUSTAL X 2.0.12 (Larkin et al., 2007) showed that the Tx. tyagii sequence varied by 10 nucleotides when compared from Tx. splendens and by 62 nucleotides from that of Tx. rutilus. Type material. Holotype female (coded A#539) with associated larval (Le#255) and pupal (Pe#257) exuviae mounted on microscope slides with the following collection data: INDIA, Tamil Nadu, Nilgiri District, Gudalur, 10 th October 2011, collected as larva from discarded tin container at an altitude of 1000m, R. Krishnamoorthi collector, deposited in the CRME Museum, ICMR, Madurai, India. The allotype male (coded A#544) with associated larval (Le#260) and pupal (Pe#262) exuviae, and 2 paratype males with Le and Pe mounted on microscope slides, have the collection data same as the holotype and are also deposited in the CRME Museum. Bionomics. The immature stages of Tx. tyagii were collected in a discarded tin container on the outskirts of Gudalur, Ooty, Nilgiris, southern India on 10 th October 2011 at an altitude of 1000m, which is quite unusual. Species of Toxorhynchites prefer to lay their eggs in tree holes, bamboo stumps, log holes, etc. Larvae of Tx.tyagii were found in association with Stegomyia aegypti (Linnaeus) and St. albopicta (Skuse) (generic names validated by Reinert et al., 2009) , Armigeres subalbatus (Coquillett), Tripteroides affinis (Edwards) and Culex minutissimus (Theobald). The two larvae of Tx. tyagii were collected from a discarded tin container (with 20 liters of water) near a house. The larvae are carnivorous and fed chiefly on larvae of other mosquito species. Larvae and pupae are enormous and pink in color. Third-instar larvae developed to the pupal stage in five days and pupae to adults in seven days.
Etymology. This species is named after Dr. B.K. Tyagi, Director, Centre for Research in Medical Entomology, and recipient of the prestigious Dr. M.O.T. Iyengar Memorial Award of the Indian Council of Medical Research in recognition of his outstanding contributions to the science of Medical Entomology, particularly mosquito taxonomy and systematics, for more than three decades. Barraud (1934) briefly mentioned the characters of Tx. splendens and illustrated some characters of the larva, pupa, adults and male genitalia. We compared certain distinguishing characters of Tx. splendens and Tx. edwardsi with Tx. tyagii. Toxorhynchites splendens has never been thoroughly studied. The typical form from Java appears to differ in numerous details from other populations identified as "splendens" from as far away as the Himalayan foot hills, Ceylon, Philippines and New Guinea (Belkin, 1962) .
Discussion
The PCR amplification produced the expected ~520-bp amplicon (Fig. 7) . BLAST analysis confirmed that Tx. tyagii is closely related to Tx. splendens. Further the multiple sequence alignment and neighbor-joining (Fig. 8) construction placed Tx. tyagii nearer to Tx. splendens from Thailand and Mananthawadi (Kerala State, India) than to Tx.rutilus from Pennsylvania and an unidentified Toxorhynchites species from South Africa. The phenogram further reveals that the distance between Tx. tyagii and Tx. splendens is approximately ten-fold, confirming it is a separate species.
Toxorhynchites tyagii is generally similar in appearance to Tx. edwardsi and Tx. splendens, even though adult males of Tx. tyagii can be easily separated from these close allies. Following are the diagnostic features that easily distinguish Tx. tyagii from other species of the genus: (i) broad yellow scale-patches over the wing root to the scutellum, (ii) three-quarters of abdominal segment VI with black hair-tufts, (iii) apical three-fourths of hind tarsomere 1with an indistinct pale area, (iv) basal mesal lobe of the male genitalia with two stout apical setae, (v) gonostylus with about 13 microsetae and one very long one near the base, (vi) larval seta 6-M single, barbed and stiff, (vii) larval seta 2-VIII 4-branched and setae 3-VIII 3-branched, (viii) pupal seta 6-VII 8-10 (10) branched and (ix) pupal seta 10-CT with 11 branches. 
